We show that recent monojet searches in electron-positron annihilation experiments can be used to extend significantly the limits on the mixing of a massive fourth generation neutrino with the electron neutrino.
It continues to be of importance to know how many fundamental fermions there are, and in particular if there is a fourth generation of quarks and leptons.
The lightest member of such a new generation is very likely the neutrino, in principle making it most accessible to discovery in present expe_riments.
F---If such a neutrino were massless, we will have to wait for "neutrino counting" from decays of the 2' for its discovery. But if it has a mass, then the weak and mass eigenstates generally will not coincide. For example, the neutrino associated by the weak interactions with the electron, the techniques discussed to this point is to limit IUl,12 to be less than 0 (10m6) for neutrino masses of x 10 MeV to x 1.7 GeV.
To reach higher neutrino masses we turn to e+e-colliders where we are only limited by the total center of mass energy for e+e-+ NP, (and half of it for e+e-+ Nx). If the heavy neutrino is in a weak doublet, as we are assuming by taking it to be part of a fourth generation, then its production in e+e-+ Nti, proceeds entirely through W exchange with a cross section'1
where MN is the neutrino mass and s the square of the center of mass energy.
Such a process will be observed as an e+e-collision which results in missing energy and momentum (due to the p,) on one side and, if MN is not too large, a jet of decay products of N on the other; i.e., a monojet event. In another context, such events have recently been searched for at PEP12-" and at PETRA.15 At Fs fi = 29GeV, the cross section from Eq. (2) for e+e---) Npi, or xv, is (4.7 pb) IUl,12, up to corrections of order ML/s. After allowance for the experimental acceptance for the process under consideration here, we have combined the PEP data, with the resulting upper limit on jUl,12 shown in Fig. 1 , which extends out to MN sa 12 GeV/c 2. This new limit is already a considerable improvement over that following from universality16 and, as we shall discuss below, can be extended by further analysis of existing data.
In contrast to Eq. A very powerful technique is to use this as the production mechanism for a heavy neutrino and to note that its decay width is proportional to lU12, so that a search for secondary vertices sweeps out a region 17 in lU12 versus MN space.
The results of such a search18 between 0.2 mm and 10 cm from the interaction paint are shown as excluding the diagonal region in Fig.1 , running up to masses of almost 14 GeV. and the monojet searches have a correspondingly lower sensitivity in setting an upper limit on IV]". However, the limits they set are still better in the high mass region than any other constraint, e.g., universality.
In summary we have shown that presently available data from e+e-experiments allows us to considerably extend the mass range in which we have fairly stringent limits on the mixing of a heavy neutrino with the electron neutrino. In particular, if we are considering a fourth generation left-handed neutrino, upper 
